Objective
To evaluate the clinical usefulness of serum vascular endothelial growth factor (VEGF) levels in gastric cancer patients.
Summary Background Data
Vascular endothelial growth factor plays an important role in the formation of new blood vessels involved in the growth and metastatic spread of solid tumors, but there is limited information regarding the clinical significance of serum VEGF levels in cancer patients.
Methods
Serum VEGF concentrations were measured by an enzyme linked immunosorbent assay in 61 healthy controls and in 58 gastric cancer patients before surgery, and then again at 7 and 30 days after surgery. The association between preoperative serum VEGF levels, clinicopathological features and patient survival, and their changes following surgery were evaluated.
Results
Serum VEGF levels in gastric cancer patients were significantly higher than those in controls. There was a significant association between serum VEGF levels and disease stage, as well as invasion depth of the tumor and the presence of distant metastases. Serum VEGF levels decreased significantly after radical resection of the primary tumor and increased in patients with unresectable tumors. Multivariate regression analysis showed that serum VEGF level is an independent prognostic factor for survival.
Conclusions
Serum VEGF levels in gastric patients are significantly higher compared with normal controls and correlate with local tumor extent, disease stage, and the presence of distant metastases. Preoperative serum VEGF concentration decreases significantly after radical resection of the primary tumor and is an independent prognostic factor for patient survival suggesting that determination of serum VEGF levels may be clinically useful.
The fact that solid tumor growth and metastasis is angiogenesis-dependent 1 suggests a potential value of blood and tissue angiogenic markers as prognostic and survival determinants. Vascular endothelial growth factor (VEGF) is a dimeric, heparin-binding glycoprotein that functions as a potent mitogen of vascular endothelial cells, providing an opportunity for their migration and organization for the neovascularization of micrometastases. 2, 3 Vascular endothelial growth factor exists in four isoforms resulting from alternative exon splicing of its ribonucleic acid (RNA) transcript. 4, 5 Of these isoforms, only VEGF 121 and VEGF 165 are secreted in soluble form, with VEGF 165 being the predominant soluble isoform. The larger transcripts, (VEGF 189 and VEGF 206 ), are bound to heparin-containing proteoglycans in the extracellular matrix. 6 Experimental studies using different approaches clearly demonstrate that VEGF promotes tumor growth, angiogenesis, and metastasis formation. [7] [8] [9] [10] Vascular endothelial growth factor expression at both the mRNA and protein level has also been demonstrated in vivo in a variety of gastrointestinal tumors (including gastric cancer 11, 12 ) , with the intensity of its immunohistochemical expression reflecting intratumoral microvessel density, the presence of lymph node and hepatic metastases, and cancer-specific survival. 12 Soluble forms of VEGF are also detectable in the serum and other biologic fluids from cancer patients with the most elevated levels being found in disseminated cancer. [13] [14] [15] However, there are limited data regarding the clinical and prognostic significance of serum VEGF (sVEGF) levels in gastric cancer patients.
In this study, we evaluated sVEGF levels in healthy controls and in gastric cancer patients. We then correlated these levels with clinicopathologic features and patient survival. The effect of surgery on preoperative sVEGF levels was also evaluated.
PATIENTS AND METHODS

Study population
Fifty-eight consecutive patients with newly diagnosed and histologically confirmed gastric cancer were included in this study. There were 38 men and 20 women with a median age of 68 (range, 49 -89) years. Patients who had received chemotherapy, radiotherapy, or blood transfusion before surgery were excluded from the study. Fifty cases were of primary gastric cancer, whereas in eight patients the tumor had developed in the gastric remnant many years after resectional surgery for benign gastroduodenal ulcer disease. Tumor staging was based on clinical information, radiologic reports (chest radiography, abdominal ultrasonography and computerized tomography), operative findings, and pathology reports, with reports of staging made in accordance with the TNM staging system for gastric cancer. 16 Tumors were histologically classified as intestinal or diffuse according to their Lauren type, 17 and graded as well, moderately, or poorly differentiated based on the predominant cell type. Patients were followed prospectively and the date and cause of death was recorded. The median follow-up of the patients was 11 (range, 2-46) months.
Control subjects consisted of 61 age-and sex-matched healthy volunteers (median age 71 [range, 44 -86] years; 33 men and 28 women). The absence of disease was confirmed by clinical history, physical examination, and routine laboratory tests including liver and renal function tests. The regional ethics committee approved the project and written informed consent was obtained from all patients and controls before their inclusion.
Blood samples and assays
Peripheral venous blood samples were drawn into sterile glass tubes (Vacutainer, Becton Dickinson, Plymouth, UK) in the morning between 8 and 9 hours after an overnight fast. Blood samples were allowed to coagulate at room temperature for 30 minutes and centrifuged at 2000 g for 10 minutes. Serum was separated, aliquoted, and stored at -70°C until assay. Serum samples from patients with gastric cancer were collected and stored on admission and 7 and 30 days following surgery.
Serum VEGF concentrations were determined using a commercially available enzyme-linked immunoassay (ELISA) designed to measure VEGF 165 levels (Quantikine, R&D Systems Europe, Abingdon, UK). The assay employs the quantitative sandwich enzyme immunoassay technique using Sf21-expressed recombinant human VEGF 165 and antibodies raised against the recombinant protein. The assay exhibits no significant cross-reactivity with other angiogenesis factors and has a sensitivity of 9.0 pg/mL. Optical density was measured at 450 nm using a microtitre plate reader (MR 5000, Dynatech Laboratories, Chantilly, VA, USA). All samples were assayed in duplicate.
Serum CEA and CA 19 -9 determinations were also made by commercial ELISAs (Tosoh, Tokyo, Japan) as part of the routine preoperative patient evaluation.
Statistical Analysis
Statistical analysis was performed using the SPSS statistical software package. Data were tested for normality and were found to be nonnormally distributed. Accordingly, all data are presented as median value (interquartile range), with nonparametric analyses being employed to assess differences. The Kruskal-Wallis analysis of variance (ANOVA), the Mann-Whitney U test, and the Wilcoxon rank test were used to evaluate differences between multiple groups, unpaired and paired observations, respectively. Correlations were evaluated using the Spearman rank test. Survival curves were calculated using the Kaplan-Meier method and survival comparisons were made by the logrank test. The Cox proportional hazards regression model was utilized for multivariate analyses after univariate analysis defined relevant prognostic variables. Significance was presumed at P Ͻ .05.
RESULTS
Serum VEGF Levels in Healthy Controls
Serum VEGF levels were detectable in all control subjects. Their median sVEGF level was 186 (101-266) pg/ mL. There was no significant difference in sVEGF levels between males and females (198 [103-237] pg/mL versus 179 [100 -288] pg/mL, respectively; P ϭ .92). No correlation was found between sVEGF levels and age (r ϭ .12; P ϭ .32).
Serum VEGF Levels in Gastric Cancer Patients
Preoperative sVEGF levels (435 [282-730] pg/mL) in patients with gastric cancer were significantly higher than those in controls (P Ͻ .0001). There was no significant difference between males and females regarding sVEGF levels (409 [269 -879] pg/mL versus 446 [361-682] pg/ mL, respectively; P ϭ .64), nor there was any correlation between sVEGF levels and age (r ϭ .16; P ϭ .22).
The relationships between sVEGF levels and clinicopathologic variables are shown in Table 1 . There was a significant correlation between sVEGF levels and disease stage with higher sVEGF levels detected as the disease stage increased (P ϭ .01). Although the relationship between sVEGF levels and the invasion depth of the tumor was not statistically significant by ANOVA (P ϭ .09), further analysis using the Mann-Whitney U test showed that patients with tumors penetrating the serosa (T 3-4 ) had significantly higher sVEGF levels when compared to those with tumors limited to the gastric wall (T 1-2 ) (523 [300 -900] pg/mL versus 311 [190 -503] pg/mL, respectively; P ϭ .04). Patients with distant metastases had significantly higher sVEGF levels when compared with those without metastatic disease (P ϭ .004).
There were no significant associations between sVEGF levels and tumor location (antrum, body or cardia), primary versus gastric stump cancer, intestinal versus diffuse histology, degree of differentiation or the presence of lymph node metastases. No correlation was detected between sVEGF levels and preoperative serum levels of either CEA (r ϭ 0.16; P ϭ .22) or CA 19 -9 (r ϭ 0.18; P ϭ .16).
The Effect of Surgery on Serum VEGF Levels
The effect of surgical resection of the tumor was evaluated by sequential measurement of sVEGF levels before surgery and at 7 and 30 days following surgery. Radical resection including subtotal or total gastrectomy and removal of the regional perigastric lymph nodes (D 1 dissection) was performed in 42 patients. Sixteen patients had unresectable tumors and underwent only by-pass surgery.
In the radical resection group, sVEGF levels at 7 days after surgery increased significantly compared with preoperative levels (556 [388 -863] pg/mL versus 372 [262-608] pg/mL, respectively; P ϭ .0015). There was a subsequent decrease with 30-day postoperative levels (242 [138 -387] pg/mL) being significantly lower than preoperative levels (P ϭ .0005). In those patients who underwent palliative by-pass only, there was a significant increase in sVEGF at 7 days compared with preoperative levels (934 [704 -1282] pg/mL versus 701 [402-946] pg/mL, respectively; P ϭ .0006) with their levels at 30 days (1006 [763-1260] pg/mL) remaining significantly higher (P ϭ .0004) when compared with preoperative values (Fig. 1 ).
Correlations Between Circulating VEGF Levels and Patient Survival
Elevated serum VEGF levels were defined as being greater than the 95th percentile value in the healthy control group in accordance with the recommendations of Werther 18 This resulted in a cut-off value of 533 pg/mL for sVEGF concentrations. Using this cut-off value, elevated sVEGF levels were found in 24 patients (41%). During the study, 39 patients died from gastric cancer progression and 19 patients remained alive, three of them with documented tumor recurrence. Prognostic variables evaluated in a univariate analysis included age (entered as continuous variable), gender, histologic tumor type, differentiation, tumor location (antrum, body, cardia or gastric stump), TNM stage, depth of gastric wall invasion (T class), lymph node involvement, the presence or absence of distant metastases, and sVEGF level (normal vs. elevated). Univariate analysis showed tumor location, TNM stage, depth of gastric wall invasion, lymph node metastasis, distant metastasis, and preoperative sVEGF to be significant factors affecting overall survival ( Table 2) . Log-rank analysis showed elevated preoperative sVEGF levels to correlate with poor overall survival (P Ͻ .0001; Fig. 2 ). Multivariate regression analysis showed the presence of distant metastasis (hazard ratio, 9.77; 95% CI, 1.23-77.34; P ϭ .03), depth of gastric wall invasion (hazard ratio, 3.4; 95% CI, 1.44 -8.01; P ϭ .005), and preoperative sVEGF levels (hazard ratio, 2.91; 95% CI, 1.32-6.38; P ϭ .007), to be significant independent factors for cancer-specific survival in decreasing order of potency.
DISCUSSION
In the present study, we evaluated serum VEGF levels in healthy controls and in gastric cancer patients using a validated ELISA, which has been shown to be highly sensitive and specific for the detection of the main VEGF isoform, namely the VEGF 165 isoform, although VEGF 121 is also detectable to a lesser degree. 19 Our study shows a marked difference between preopera-tive sVEGF concentrations in gastric cancer patients when compared with age and sex-matched controls, with a significant association between these levels and tumor stage, local tumor extent, and the presence of distant metastases. Previous studies have shown that patients with advanced stage and metastatic cancer of different histologic types have higher sVEGF levels when compared with those with localized tumors. [13] [14] [15] In gastric cancer, Kitamura et al. 20 have also shown significantly higher sVEGF levels in patients with stage IV disease when compared with those that have stage I tumors, and a significant association between sVEGF levels and serosal involvement, T class and venous infiltration by the tumor. Similarly, the immunohistochemical expression of VEGF in gastric cancer has been associated with increased microvessel density, lymphatic and venous invasion and lymph node and liver metastases. 12 Our findings are in agreement with these observations showing an association with TNM stage, depth of gastric wall invasion and distant metastasis, which is maintained in multivariate analysis and which correlates preoperative sVEGF levels with cancer-specific survival.
A weak point in this study is that we have not examined the association between tissue VEGF expression and serum levels in the same patients. Several studies have correlated tissue VEGF expression with clinicopathologic features in gastric carcinoma, 12, 21 but there is limited data at present. This suggests that in some tumors there is no clear correlation between tissue expression as detected by immunohistochemistry or immunoassay, and circulating VEGF levels. 22, 23 The factors that regulate VEGF expression in gastric carcinoma are poorly understood, and will influence the detection of circulating VEGF. Mutations of the ras and p53 genes, which are important in gastric carcinogenesis, both up-regulate VEGF expression. 24, 25 The levels of VEGF expression will also be affected by the local cytokine milieu, 26 the extent of intratumoral hypoxia, 27 and by variations in VEGF RNA splicing, which alters the ratio of detectable VEGF isoforms involved in the activation of endothelial cell growth within the tumor neovasculature. 28 Despite evidence of elevated sVEGF concentrations in cancer patients there has been considerable recent debate concerning its origin and the validity of serum over plasma VEGF measurement in cancer patients. Soluble VEGF levels were detectable in the serum of normal healthy volunteers, in accordance with previous reports. [13] [14] [15] Although in vitro 10 and in vivo 13, 29 studies provided evidence that VEGF is released into the circulation by the primary tumor, its kinetics and degradation (as well as the effect on serum estimation of soluble VEGF-binding receptors and carrier proteins) are poorly characterized. Hematopoietic cell lineages including platelets, megakaryocytes, monocytes, and lymphocytes, 30, 31 as well as release from normal tissues, 32 are also contributing to detectable circulating levels of VEGF. The latter implies a role for VEGF in the maintenance of physiologic endothelial integrity.
The presence of VEGF on platelets and its release during clotting may affect serum VEGF levels; their values reflect platelet-derived VEGF at least to some extent and they are consistently higher when compared with plasma samples. 33, 34 However, cancer-derived serum VEGF is biologically active and appears to correlate with tumor growth kinetics, 35 implying a valid biologic effect for sVEGF in tumor biology. 36 Moreover, there are advantages of preoperative serum measurement as well as in the follow-up of patients after resection for cure over subjective and poorly standardized immunohistochemistry or complex extraction procedures. 37 As a result, we measured serum VEGF levels only in this study with a validated ELISA, which has shown high precision and parallelism in serial sample dilution. 19 In our study, radical resection of the tumor resulted in a significant decrease in preoperative sVEGF over a 30-day period, although a transient increase was observed one week after surgery, which could be associated with increased angiogenesis related to wound healing. 38 In contrast, all cases undergoing palliative by-pass only failed to show this sustained postoperative reduction in sVEGF levels. This finding supports further the hypothesis that soluble VEGF fragments are produced and released by the primary tumor. A decrease in sVEGF concentrations after partial response to chemotherapy and an increase in patients who had progressive disease after chemotherapy have both been shown previously in patients with recurrent gastric cancer. 20 These findings, along with our results, suggest that sVEGF might be able to be used as a measure of surgical completeness. Whether sVEGF can be used for the detection of tumor recurrence requires further study with longitudinal follow-up data.
We have found a significant association between the preoperative sVEGF level and overall survival, with sVEGF acting as an independent prognostic factor in multivariate analysis. This finding has been confirmed in the only other study of this type of which we are aware where plasma VEGF levels were measured in patients with gastric carcinoma. 39 These findings reflect inherent VEGF expression in gastric tumors and its role in prognosis, 40 -42 as well as the importance of a tissue expression VEGF phenotype (particularly in unresectable gastric cancer). 43 Moreover, this VEGF-rich tissue phenotype appears to exert a greater impact on survival and chemo-responsiveness in inoperable cases than other conventional markers, such as histologic type and tumor extent (locally advanced or visceral metastatic disease). The association of VEGF expression in gastric carcinoma with other important angiogenic markers, such as platelet-derived endothelial growth factor, suggests that such tumors may be prognostically divisible based on their angiogenic profile, perhaps permitting their categorization in phase III trials with angiogenesis inhibitors. 44, 45 An improved understanding of circulating VEGF dynamics in gastric cancer will assist in the development of new antiangiogenesis therapies and perhaps best define those patients with potentially chemo-sensitive tumors.
In conclusion, this study has demonstrated higher sVEGF levels in gastric cancer patients when compared with normal controls. These levels correlate with local tumor extent, disease stage, and the presence of distant metastases. Preoperative sVEGF concentration decreases significantly following radical resection of the primary tumor and is an independent prognostic factor for patient survival.
